The comparison of the excretion of male and female hormone-like substances with the clinical expressions of disease may be expected to teach us the extent to which studies of the urine reveal the changing functions of the gonads and may help to illuminate the difficult pathological physiology of such obscure processes as virilism and gynecomastia. As a step in this direction we are presenting data on castration in the male, eunuchoidism, hypopituitarism, bilateral cryptorchidism without alteration in secondary sex characters, gynecomastia, precocious puberty and virilism.
The assays were conducted according to the technique of Gallagher, Koch and Dorfman (1) as outlined in the preceding paper dealing with the normal (2) . In all cases complete urine collections were secured through a number of days. During the bulk of the work the acidified urine was boiled for two hours to insure the maximum yield of estrogenic material. When it was learned that briefer boiling gives measurably higher values for male hormone than either boiling for two hours or none at all, this procedure was introduced in a few instances. The urine was then extracted with benzene in a continuous extractor, the benzene distilled off and the residue distributed between ether and 10 per cent aqueous sodium hydroxide. Ninety-five per cent of the estrogenic material passes into the alkali and none of the androgenic. The androgenic fraction was assayed on from four to seven capons according to the technique of Gallagher and Koch (3) and the estrogenic fraction on ten spayed adult female rats, according to the vaginal spread technique of D'Amour and Gustavson (4) . As colonies and the environment. The values for male hormone are expressed in the newly adopted international unit, each unit representing the activity equivalent to that of 0.1 mgm. of androsterone. The values for estrogenic material are expressed in 'y of theelin (0.001 mgm. or 10 international estrogenic units).
It must not be supposed that our assays estimate single pure substances. Both androsterone and dehydroandrosterone have been shown to be constituents of the comb-growth stimulating mixture in urine, and both theelin (oestrone) and theelol (oestriol) are probably present. Quite possibly some of the many known relatives of these may in time be identified in urine. The suggestion of Deanesly and Parkes (5) that some of the estrogenic activity in male urine is due to dehydroandrosterone is not applicable to our data because this substance will not pass into the alkaline fraction on which the female assays are made. No attempts have been made in our studies to determine separately the estrogenic activity extractable from fresh urine and that larger amount extractable from hydrolyzed urine although useful information may well be secured in this way, as in Cohen and Marrian's studies of pregnancy. Our observations are of "total estrogens."
I. HYPOGONADISM IN THE MALE

A. Castration
The castrated individual provides the proper base line for all studies on the excretion of sex hormones. In the absence of the gonads the continued presence of such material in the urine must be attributed either to some other organ or to the food. McCullagh and Renshaw (6) found no comb-growth promoting material in the chloroform extracts of the urine of eleven eunuchs. Of these, seven were 50 years of age or more, an age group in which it has been claimed but not sub-705 We have been able to examine the urine of two castrated men. Unfortunately, neither case is beyond criticism, as one was 56, belonging to an insufficiently understood age group and the other had schizophrenia which may itself have had some influence. Furthermore, in the former, confirmation of the surgical procedure is now impossible and the gynecomastia present raises doubts concerning the completeness of the castration. Traces only of androgenic and estrogenic material were present in the urine (Table I) . This is in accord with the view that the bulk of the hormone-like constituents of male urine are of gonadal origin and suggests that traces may come from elsewhere. These studies, however, must be extended as suitable material presents itself.
B. Eunuchoidism-Hypopituitarism
Seven men studied represent that form of hypogonadism known as eunuchoidism since the early descriptions of Tandler and Grosz (31 30 . The patient suffered from weakness, decline in vision, loss of body hair and impotence. There was a globular enlargement of the sella turcica, with a depression of its floor on x-ray. Visual fields showed a right temporal hemianopsia. His basal metabolism was -40 per cent and below on several occasions and his blood pressure was not infrequently as low as 86/54. X-ray therapy to the pituitary region had been given before the urine collection was made. He has since shown improvement in his general condition, his vision has not further declined, but he is still impotent.
A complete 11-liter urine collection was made in May 1934 and assayed. Table I presents the data on these instances of hypogonadism. It will be recalled from the preceding paper that the four normal young men studied continuously for six weeks averaged in the neighborhood of 40 international androgen units of male hormone per day each, with a range of 13 to 79, seven capons being used for each assay and the urine being boiled for two hours before extraction. If we allow for the destruction of 40 per cent of the androgenic material between the 15 minute hydrolysis and the two hour hydrolysis, as described in the preceding paper, this average normal value becomes 67 international units per day, and the range 22 to 132. In contrast with this the seven-capon assays on the seven eunuchoids give an average value of 20 units of male hormone, with a range of 7 to 33, by the 15 minute hydrolysis. The four capon assays with the two hour boiling on the eunuchoids give good corroboration. It should be noted that there is some overlapping of the normal and the hypogonad. This is not surprising when we recall that all of our eunuchoids have developed such secondary sex characters as axillary and pubic hair to the extent reached by the fourteen or fifteen year old boy, and thus present some clinical evidences of testicular activity. On the average, our hypogonads excrete about a third of the normal amount of male hormone.
With the exception of one assay on Patient A. M. the excretion of estrogenic material is reduced to traces in the eunuchoid, and while this level is reached on occasion by the normal, the average normal value is 10 .y per day. The values for both male and female hormones in the patient with hypopituitarism (L. H.) are low.
C. Cryptorchidism without alteration in secondary sex characters Our data on this point are scant. It is of interest that Patient E. H., who had well-developed secondary sex characters, reached well into the normal range on one of two assays for androgenic material. The other patient, J. C., is 13 and while there are some signs of puberty, it will be several years before the degree of retardation in the development of secondary sex characters can be accurately judged (Table I (Table II) . The appearance of feminine breast tissue in men is rare and somewhat difficult to explain. Lewis and Geschickter (12) , who have examined the tissues of ninety-five instances of gynecomastia, find consistently a proliferation of the ducts and periductile connective tissue, with no alveolus formation, a picture similar to that in virginal breast hypertrophy. As such a development has been produced by giving estrin to male monkeys and is in accord with the widely known effects of estrin in other species (13) , it is most natural to suppose this feminizing material to be the active agent. Testosterone benzoate, however, was also shown to stimulate the tubuloacinar system of the breast of the rat to some extent (14) , and androstane-diol, a synthetic relative of the male hormone, not appearing as far as is known in the animal body, has a powerful mammotropic effect in the rat (15) . Unexpected difficulties with the theory of hyperfunction of the testis, the presumable source of either the estrogenic substances or testosterone, are encountered, however, when the clinical associations of gynecomastia are reviewed, for testicular atrophy is common (16) . While such secondary sex characters as hairgrowth may be deficient they are usually normal in these people. Whether interstitial cell hypertrophy, which is known to accompany testicular atrophy frequently, will be found often enough to provide a source for the active agent, is still uncertain. When chorioepithelioma produces gynecomastia, the proliferating decidua-like tissue may readily be conceived a source of augmented estrin secretion, but even here we cannot be too casual. Hamburger (10) in a most careful study found gynecomastia when the amount of gonadotropic material in the urine was the least and in a patient in which the second testis had been destroyed.
The data on the excretion of hormones in gynecomastia is scant. Heidrich, Fels and Mathias (17) found 250 mouse units per liter in a man with teratoma of the testicle. Hamburger (10) detected estrogenic activity in the urine of one such patient and not in that of another.
We have been able to examine the urine of four patients with bilateral gynecomastia. One, a young boy, in whom the enlargement did not greatly exceed that which Jung and Shafton (18) have shown to be common in adolescent boys, also had a mild hyperthyroidism which may well have accentuated the process (19) . One The data is presented in Table II . We have found no unusual amount of estrogenic material in the urine in any of our four patients (including J. W., the castrate) and hence are unable to bring support to the theory that gynecomastia is due to hyperestrinism. For two reasons, however, such negative results are not to be considered conclusive. First, samplings of a few days only form a highly imperfect representation of a process that evolves over months and years, and secondly, artificial and hence probably physiological additions of estrogenic material to the organism evoke a notoriously limited urinary excretion. The problem, of course, requires more extensive study. The excretion of androgens was variable.
IV. VIRILISM
Virilism has a confusing variety of pathological associations among which no common denominator is as yet apparent. We may distinguish those instances accompanied by (a) ovarian tumors, (b) adrenal tumors, (c) adrenal hyperplasia, (d) pituitary tumors. In certain instances, the adrenal hyperplasia is accompanied by tumors of the anterior lobe of the pituitary body or carcinoma of the thymus. Cushing's theory (20) that basophile tumors of the pituitary body are often responsible for the hypertrophy of the adrenal cortex and the virilism is now well known, much discussed, and still subject to discussion. Crooke (21) has recently found hyaline changes consistently in the basophiles of the anterior lobe in a series of patients with and without adrenal or pituitary tumor, but presenting hypertrichosis, obesity of the face and trunk, hypertension and amenorrhea, thus giving the term " pituitary basophilism " an entirely different significance from that given it by Cushing. So great is the present confusion that the term Cushing's syndrome should be withheld unless an unequivocal pituitary tumor is found since a strictly clinical distinction between his patients and the long known suprarenal virilism has neither been claimed nor shown.
To these four groups must be added a fifth of undetermined pathology comprising by far the majority of those seen. These individuals suffer from hypertrichosis, together on occasion with hypertrophy of the clitoris and often with such substantial disturbances of the menstrual function as oligomenorrhea, amenorrhea and even menorrhagia. Obesity may occur but hypertension and asthenia are rare. The ovaries may be enlarged, sometimes cystic, sometimes fibrotic, the capsules much thickened, changes by no means specific.
The adrenals are normal as far as manual ex-ploration can tell us. Adrenal hyperplasia (22) or occult pituitary or ovarian changes (21, 23) may be present, of course, but the necessary detailed autopsy studies are insufficient to permit full analysis of the problem.
A beginning has been made in the measurement of hormone excretion in virilism. Biihler (24) in 1933 reported 6 to 7 units of comb-growthstimulating material per day in the urine of a 28 year old girl with hypertrichosis, deep voice, large clitoris, and amenorrhea, by a method which yielded 1 to 2 units per day in normal men. Thirty-five to 40 mouse units of estrogenic material were found. Frank (25) in 1934 reported that in two patients with carcinoma of the suprarenal cortex he had found enormous quantities of estrogenic material in the urine. In the first patient, he records from less than 1,000 to (27) in 1936 reported their assays on the urine in 12 varied instances of hypertrichosis and included two others examined by Dingemanse. By the comb-growth method, five patients showed a marked excess of masculinizing substance and four a more moderate excess. In three cases their values reached from 200 to 500 capon units per day by a technique which gave from 10 to 50 in the normal female. Of especial interest is the finding of between 25 and 50 units per day in the urine of a four-year old, pseudo-hermaphrodite. One of their patients with high values was proved to have a carcinoma of the suprarenal cortex. Korenchevsky found in the urine of one of these cases an increase in prostate stimulating power when tested on the rat. The amount of estrogenic material did to some extent parallel that of the masculinizing substances. The case of carcinoma of the suprarenal cortex showed, however, less than 600 mouse units per day, and the highest in any case was recorded as " less than 1,440." Slot (28) has recently described a 49 year old woman with amenorrhea, hypertrichosis and hypertension in which Dingemanse found 2,200 international units of comb-growth stimulating material per liter with 100 international units (10 y) of estrogenic substance. Despite this great excess of male hormone in the urine the adrenal tumor removed contained no more than the livers of normal individuals which served as his control. Saphir and Parker (23) have described a 15 year old girl with hypertrichosis, obesity and amenorrhea who had nests of clear adrenal-like cells in a removed ovary and who excreted 5,000 mouse units of estrogenic substances per liter of urine.
We were able to examine the urine of 16 patients with virilism. They ranged from 13 to 36 years of age; all had striking hypertrichosis, three an enlarged clitoris, and two, hypertension. Excluding the two youngest patients, six had amenorrhea, five irregular menses, and one menorrhagia. Only in two instances was menstruation normal. While several were obese, the rapidly developing facial and trunk obesity, remarked by Cushing, was present in but two (P. R., C. F.) and one of these had purplish abdominal and iliac striae. Two patients had carcinoma of the adrenal cortex proved at operation (G. C., K. P.); two had adrenal tumors proved at autopsy (P. R., C. F.). In seven others, the adrenals were explored surgically and found not demonstrably abnormal. In eight patients without known adrenal lesions, the ovaries at operation were enlarged in six, and in four of these were recorded as cystic. In one patient not operated on, large cystic ovaries were found on pelvic examination. In no case did roentgenograms of the sella turcica show pathology. In five patients, complete urine collections were secured for three or four days; in the remainder for five to ten days. In eight instances, there was no cyclic menstrual bleeding at the time of the urine collection.
had a boyish figure, hypoplastic breasts, length. An excess of hair was also present elsewhere, save for the scalp and axilla, where the amounts were scant. Except for one day's flow ten months previously, she had not menstruated for three years. The labia minora were small, the cervix long and conical, the uterus normal. The skin of the entire body was covered with irregular pink macules with purple striae over the iliac areas and buttocks. Her blood pressure ranged from 182 to 200/126 to 150. Her heart was enlarged, and edema of the feet and spontaneous ecchymoses had been present for six months. The thyroid gland was diffusely enlarged, a tremor of the fingers present; her basal metabolic rate was + 18. The urine contained 100 grams of sugar in 24 hours on a diet yielding 200 grams of glucose; her fasting blood-glucose was 170 mgm. per 100 cc., but, curiously, insulin seemed to aggravate her condition. X-rays of the sella turcica showed doubtful erosion. Pyelograms were negative.
She died with thrombotic occlusion of the left external iliac and femoral arteries associated with the heart failure. Necropsy showed cortical adenomata of the right adrenal gland with extensive necrosis and marked atrophy of the cortex of the left adrenal gland; myocardial hypertrophy and degeneration, the thrombotic processes with the resulting gangrene of the left leg, osteoporosis, and " parenchymatous degeneration " of the liver and kidneys. The pituitary was normal macroscopically and microscopically.
We (29)). Curiously, we were able to extract no male hormone from the tumor itself. In the sixteen specimens examined for estrogenic material, no unusually large amount was found, indeed the average normal value was never reached. This may be correlated with the frequent amenorrhea and grossly pathological ovaries often found at operation.
It is difficult to bring regularity and simplicity into this data. A gross excess of masculinizing material is apparently excreted on occasion, in our experience in an instance of adrenal carcinoma. In other patients with virilism there is either no excess or very little. It is thus impossible, at the present time, to support the simple and attractive hypothesis that virilism is due to a hypersecretion of a recognized comb-growth stimulating hormone. The occasional striking positive finding, however, precludes the dismissal of this conception until studies have been made over the long periods during which this syndrome develops. Brief samplings are unfortunately inadequate, especially as the changes of virilism are structural and tend to remain at least for a while after the stimulus evoking them has subsided. Simpson, de Fremery and Macbeth (27) have apparently been more fortunate in their material as they secured a far higher proportion of positive findings. It is well in considering this problem to recall that Frank (25) , in studying the urine of patients with adrenal cortical carcinoma, found large amounts of estrogenic material despite the obvious masculinization of the patients. This, too, is irregular, as Slot (Dingemanse) and Kurzrok found normal values. Frank's experience constitutes a curious obverse of the stallion (Zondek (11)) who, with unimpeachable masculinity, excretes much more estrogenic material than the mare.
We have, on occasion, wondered whether the ratio of male to female urinary constituents might not prove a better clue than the gross amounts, as in general normal men excrete more male hormone relative to female than do women. Sometimes this ratio is greatly displaced in the masculine direction (Patients R. Y., G. N. and M. C.), and it is rarely under 1.0 as is frequently true in the normal woman. This point, however, also awaits further work, especially with reference to the changes accompanying amenorrhea.
The adrenal cortex, of course, is suspected on clinical grounds as a source of the augmented excretion of male sex hormones when this occurs. Recent biochemical work has an interesting bearing on this possibility. Reichstein (30) has separated six crystalline substances from suprarenal cortical tissue. One of these, an unsaturated diketone, of the formula C18H2403 ( + C + 2H), he reported as one-fifth as active as androsterone mn comb-growth stimulating activity. Inasmuch as this observation, as well as the composition and absorption spectrum of the substance, suggest a relation to the ring structure of cholestenone and testosterone, he called the substance adrenosterone. Kendall, Mason and Meyers (29) also obtained a diketone of the formula C10H2408 by chromic acid oxidation of their compound E (Wintersteiner's and Pfiffner's compound F). The diketone, when examined spectrographically by Professor T. F. Hogness and his associates in the Department of Chemistry, gave absorption bands like those of cholestenone, testosterone and androstenedione, but unlike androsterone. When tested on the capon, we found it to be one-sixth to one-fourth as potent as androsterone. An oxidation product, C19H2.03, prepared by Drs.
Oskar Wintersteiner and J. J. Pfiffner from suprarenal cortex and submitted to us for male hormone assay, also gave the same order of activity. The spectrographic findings are especially interesting because they suggest that the androgenic activity and absorption spectrum of the androgenic fraction obtained from the urine of Kurzrok's patient Number 3 are not due to androsterone and dehydroandrosterone, but to an androgenic substance of suprarenal origin which may be closely related to Reichstein's adrenosterone. Its production may be due to a pathological process or perverted metabolism as a result of which such a substance may be formed or be allowed to accumulate in the blood stream to abnormal levels.
4. Sixteen patients with virilism excreted as a rule normal amounts of androgenic material. A moderate excess of androgens is occasionally found, and the great excess of 480 international units per day was found in one case of carcinoma of the adrenal cortex. The urine of this patient possessed the spectrographic properties of testosterone, androstenedione or cholestenone rather than of androsterone. It was similar in this respect to certain compounds derived from the adrenal cortex. We have had no instances as yet of increased excretion of estrogens in virilism. 
